Abstract: The purpose of this study was to morphometrically evaluate the influence of different durations of ovariectomy-induced estrogen deficiency on alveolar bone loss associated with ligature-induced bone loss in rats. Sixty female Wistar rats were randomly assigned to ovariectomy (OVX test group) or sham operation (SHAM control group). The OVX and SHAM groups were each distributed into three subgroups of ten rats each according to the duration of estrogen deficiency (30, 60 and 90 postoperative days). In all groups, for the last 30 days of the experimental period, cotton ligatures were placed around the cervix of the right upper second molar; the contralateral tooth was left unligated to serve as a control. The maxillary bones were removed, and the alveolar bone loss was analyzed by measuring the distance between the cementoenamel junction and the alveolar bone crest at the buccal site of the right upper second molar. A comparison between the ligated and unligated groups verified the presence of ligature-induced alveolar bone loss (p < 0.05). No significant differences were observed among the unligated groups (p > 0.05). A significant increase in bone loss was observed when ligation occurred 90 days after ovariectomy compared with the sham group (p < 0.05). These results demonstrate that long-term estrogen deficiency affects ligatureinduced alveolar bone loss.
Introduction
Periodontal disease is an inflammatory disease of the periodontal tissues that is initiated by bacteria in dental plaque and results in the loss of tooth-supporting tissues, including the alveolar bone. Although the presence of periodontal pathogens is necessary for the initiation of inflammation, the progression of periodontal disease depends equally on the host response to various pathogenic bacterial products and components. 1, 2 Most elderly people perceive their oral health as important to their quality of life for various physical, social and psychological reasons. 3 Because of the increased life expectancy in many countries, elderly individuals now have more opportunities for dental treatment. 4 Some studies suggest a positive relationship between systemic osteoporosis and oral bone loss 5, 6 and between osteoporosis and tooth loss. 7, 8 Ovariectomized rats have been used as an animal model to simulate human postmenopausal accelerated bone loss. 9, 10 Previous studies have
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used morphometric analysis to evaluate alveolar bone loss in ligature-induced periodontitis in rats. [11] [12] [13] [14] However, the mechanism underlying the bone loss remains unclear. The deficiency of sex steroids, particularly estrogen, is considered to be the main cause of osteoporosis, although there are many other factors involved. 15 Few studies exist that evaluate the relationship between estrogen deficiency and periodontal disease associated with bone loss in rats. 9, 10 Thus, the aim of this study was to morphometrically evaluate the influence of different durations of estrogen deficiency on the ligature-induced alveolar bone loss.
Methodology Animals
Sixty 90-day-old adult female Wistar rats were randomly assigned to 2 groups: one group was ovariectomized (OVX: test group), and the other was submitted to sham operation (SHAM: control group).
All the rats were housed under similar conditions and received standard rat chow (Guabi Nutrilador, Mogiana Alimentos, Campinas, Brazil) and water ad libitum. The Institutional Animal Research Committee at the University of São José dos Campos (São Paulo, Brazil) approved the protocol.
Experimental procedures
The rats were weighed and anesthetized intramuscularly with a combination of 2% xylazine (Rompun; Bayer, São Paulo, Brazil; 13 mg/kg body weight) and ketamine (Francotar; Virbac, Roseira, Brazil, 33 mg/kg body weight). Bilateral ovariectomies were performed in rats of the OVX group. The remaining rats were submitted to sham surgeries in which the ovaries were lifted and then returned intact to their original position.
The OVX and SHAM groups consisted of thirty rats each and were randomly distributed into three subgroups of ten rats according to the duration of the period after surgery. The durations were 30, 60 and 90 days after the operation.
In all groups, 30 days before the end of the experimental period, the same general anesthesia was administrated intramuscularly, followed by induction of alveolar bone loss by placement of cotton ligatures around the cervix of the right upper second molar. The contralateral teeth were left unligated to serve as controls. The ligature was knotted on the buccal side of the tooth. In group OVX (30 days), the cotton ligature was placed immediately after ovariectomy.
At the end of the experimental period of each subgroup, the rats were weighed and euthanized, the ligatures were removed and the maxillary bones were fixed in 10% neutral formalin for 48 h.
Morphometric analysis
The right maxilla of each rat was defleshed and stained with aqueous methylene blue solution (1%) to differentiate the bone from the teeth.
Alveolar bone loss was evaluated morphometrically by measuring the distance between the cementoenamel junction (CEJ) and the alveolar bone crest (ABC) at 2 buccal sites for each maxilla (Figures 1  and 2 ). Three measurements at each site were obtained along the long axis of the roots of the upper second molar (25× magnification) using the Image Tool v.3.0 image analysis system (UTHSCSA, San Antonio, TX, USA). The mean of these measurements was used as the measurement of alveolar bone loss in each tooth. For all measurements, the investigators were blinded to the treatment group of the sample.
To obtain sufficient reproducibility of the molar alignment in the images, the teeth did not overlap each other interproximally, and the buccal cusp tip of each molar was superimposed on the corresponding lingual cusp tip.
Statistical Analysis
The body weights of the rats on postoperative days 30, 60 and 90 were expressed as changes in weight (%) and submitted to statistical analysis. The independent-samples t test (p < 0.05) was used to compare weight changes between the OVX and SHAM groups for different durations of estrogen deficiency or sufficiency. Intergroup analyses (ANO-VA and the Tukey post-hoc test, p < 0.05) were used separately for the test or control groups to identify significant differences in weight changes among the different durations of estrogen deficiency or sufficiency.
For the morphometric analysis, the data were expressed as the mean and standard deviation (mm), and the independent-samples t test was used for comparisons between the OVX and SHAM groups for the different durations. Intergroup analyses (ANOVA and the Tukey post-hoc test, p < 0.05) were used separately on the test or control groups to determine significant differences in alveolar bone loss among the different durations of estrogen deficiency or sufficiency.
In addition, the paired t test (p < 0.05) was used to compare the alveolar bone loss between the ligated and unligated teeth in the same rat.
Results

Weight analysis
The rats showed significant differences (p < 0.05) between the mean baseline and mean final weight, with weight gains occurring in all of the experimental groups.
The weight gain in the groups with estrogen deficiency gradually increased (p < 0.05) over time.
In the estrogen-sufficient groups, the 90-day group gained significantly more weight than the other groups. There was no significant difference between the 90-day SHAM and OVX groups (p > 0.05) with regard to weight gain (Table 1) .
Morphometric analysis
Morphometric analysis showed that cotton ligatures placed around the teeth induced alveolar bone loss (p < 0.05) compared with unligated teeth.
For unligated teeth, the intergroup analysis showed no significant differences in alveolar bone loss (p > 0.05) between the test and control groups. The intergroup analysis showed no significant differences in alveolar bone loss (p > 0.05) among the different durations of estrogen deficiency and sufficiency (Table 2) . When alveolar bone loss was induced, the alveolar bone loss in the rats receiving the ovariectomy (1.47 ± 0.08 mm) was significantly greater than that in SHAM rats (1.41 ± 0.03 mm) when the ligation was performed 90 days after the surgical procedure. For the ligated teeth, the intergroup analysis showed no significant differences in alveolar bone loss values (p > 0.05) among the different durations of estrogen deficiency and sufficiency (Table 3) .
Discussion
The purpose of the study was to determine the influence of different durations of estrogen deficiency on the progression of experimental periodontitis in rats. The present study showed that estrogen deficiency does not affect the alveolar bone amount, regardless of plaque accumulation, but results in greater ligature-induced bone loss in rats submitted to 90 days of estrogen deficiency.
Animal models have been used to investigate the influence of estrogen deficiency on the progression of periodontitis 9, 10 because the structure of the periodontal tissue in rats is very similar to that of humans. 16 Therefore, ovariectomy-induced osteopenia in the rat produces skeletal responses similar to those in post-menopausal women. 17 A morphometric analysis of defleshed jaws [11] [12] [13] 18, 19 was applied to assess the amount of periodontal bone in the rats. This analysis is reproducible and can discriminate among experimental groups. 20 Morphometric and histologic procedures were compared for alveolar bone measurement, and no significant differences were found between the two methods when the amount of bone was measured after ligature placement in rats. 21 A recent study 22 morphometrically evaluated bone loss by comparing different locations in experimental periodontitis in rats. The maxilla showed greater bone loss than the mandible, and the bone loss was greater on the buccal side.
Controversies exist in studies involving oral osteoporosis and bone loss in humans. According to Beck, alveolar bone loss is a result of periodontal disease, and osteoporosis is suspected to be linked to this disease. However, Beck reported that it is difficult to establish this relationship because some studies show inappropriate methodology, i.e., small samples and lack of controlling for important fac- Capital letters are for OVX; lower case letters are for SHAM groups. Means followed by different letters differ statistically (intergroup analysis: ANOVA, p < 0.05, and Tukey test, p < 0.05). * Statistically significant differences among groups along the lines (independent sample t test; p < 0.05). tors common to periodontal disease and osteoporosis, such as age, the habit of smoking, diabetes and certain medications. 23 The contribution of osteoporosis to tooth loss is difficult to demonstrate because teeth can be lost for several reasons other than the loss of bone support. Among the reasons commonly cited are dental caries, the quality of dental treatment and factors caused by different cultural understanding and varying economic levels. 24 A possible relationship between estrogen deficiency and alveolar bone loss without the induction of experimental of periodontitis was not verified in this study. Similarly, some studies on animals have observed that osteoporosis itself may not be capable of causing alveolar bone loss; 9, 10, 25 in contrast, other studies have shown that estrogen deficiency may have a direct effect on alveolar bone loss in the furcation region. 9 In the present study, estrogen deficiency for 90 days resulted in greater ligature-induced bone loss in rats. In a previous study, 9 estrogen deficiency in rats for 81 days resulted in significant alveolar bone loss in experimental periodontitis when the rats were compared with estrogen-sufficient rats; the findings were determined histological in the furca region of the first mandibular molar. In another study, 10 the rats were evaluated 65 days after ovariectomy, and no morphometric alterations related to estrogen deficiency were observed in the upper maxilla on the buccal face.
In sheep, Johnson et al. 26 observed significant inflammatory periodontal alterations 90 days after ovariectomy compared with controls.
Increased bone loss was only observed when the ligature was applied after 90 days of estrogen deficiency. It is well established that the loss of bone mass caused by estrogen deficiency in ovariectomized rats increases gradually, peaks and then stabilizes. The peaks identified in different studies do not always coincide; peaks from 30 to 90 days have been reported. [26] [27] [28] [29] The use of several time intervals in this study was appropriate to reveal the duration of estrogen deficiency that showed greater influence on the bone loss caused by induced periodontitis. Previous studies did not identify this relationship because of their use of a shorter period of time.
Studies of the possible molecular mechanisms involved, 30 as well as longitudinal studies, are required to confirm the role of estrogen deficiency as an aggravator of periodontal disease.
Conclusion
The results of this study demonstrate that longterm estrogen deficiency affects ligature-induced alveolar bone loss.
